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Preface

Thelreported Wworkwas[conducted/in/the [project “Improvement [0f the [évacuation(safety
ofllargebuildings by combined simulation[ofTfire[and [évacuation/processes” (within[the
Modellingand[ Simulation! Technology! Programme[ (MASI) [ ofl thel Finnish[ Funding
AgencylforTechnologyland Innovation[(Tekes). Thepurposelofithe [éxperimental Wwork
was[to[providel validation[ datal for the[FDS+Evac[software  developed[at[ VTT. The
researchlprojectwasfunded By Tekes, the Finnish [Fire[Protection Fund, the Ministryof
the[Environment, the Finnish[Academyland VTT.

The support fromthe safetyorganizations0flthe target/institutions wasessential for[the
successfullJlimplementationJofl Ithe[Jexperiments, [ land[]greatlylacknowledged.[ 1 The
contribution/oflInvisian(Qy/duringthe libraryevacuationlis[also [greatly[appreciated.

Ms. [KatriMatikainen tadethe[0bservationsonthe human/behaviour(aspects/during(the
publicllibrarylévacuation.Thefollowing [V TT [researchers [participated/in/theconduction
oflthelexperiments/ by making[observations andluising[video[cameras: [PekkalPursula,
Konsta Taimisalo, Mari[Niemeld, [Kaisa[Belloni,  Kati[Tillander, [EskoMikkola, Tuuli
Oksanen'and(Johan Mangs.Theltechnicalchallenges/intheplacement oflvideo [cameras
during [the officelévacuations/were[proficiently'solved by Mr. ArtoHétela[of VTT.
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1. Introduction

New/[publiclbuildings typicallylintegrate many! different/ functions[likeWwork[places,
shops, [festaurants(and (recreationallactivities[under the(same(roof.[Thesebuildingshave
becomednew [type oflpublic ‘living [fooms’.[At[the [Same[time, [people[spend moreland
more [timeoutside(the workand home, [atTeast [partly(due [the increasing[portion oflsingle
personhouseholds. Aslaltesult, the fraction oflthe time[the[people spendlin/buildings
withlat[leastlhundreds and[possibly [thousands[oflotherpeoplelislincreasing. This, in
turn, [increases [the[probability(oflfires [0r[otheréventstequiring/eévacuation(ofithousands

oflpeople.

Traditionally, the(design/ofiévacuation/dapacity/is (based ‘on/the simple(design/criterialon
theltequired[widthland[lengthloflevacuation(toutes. These criteria’are based mainlyon
experimental(findings dand(lessons(learned[from/the[past(hazards. However, it 'would mot
bepossible[tobuild[the large multilpurposel centres uising[thel simpledesign tules.
Instead, 'theseplaces(are isually [designedusing the[performancebased design/method,
inwhichthelsafetyofltheldesignlis [studied fromthe Viewpoint[0fithe[entire[System, not
as[fulfilmentloflindividualtules[given'by[the building[¢ode. The performancebased
design(telies stronglylon(the numericallmodellingand simulation[ofIboth the fireand
evacuationprocesses. [FDS+Evaclislonelof the few[software tools[where[the fire[and
evacuation/simulations[¢an(be(fullylcoupled(together. Thelobjectives[of the[FDS+Evac
developmentlare thel¢apability[to[simulate[large[¢rowdsland[theltealisticlinteraction
between thelévacuationldnd fire[processes. [FDS+Evac!is [based lon/the human/movement
modelloflHelbing etlal. [1995,12000,2002](combined with/the Fire[Dynamics/Simulator
[McGrattan etLal.[2007]andsome[hew![types[oflmodels for[the sociolpsychological
effectsland thelevacuee/decisionmaking[processes.

For[theltreliability ofl thel performancel based design,[thel simulationtools must[be
validated [for[the [given typeloflapplication. In[validation work, the [computational results
are usually compared[ against experimentall results. Accurate and [welll documented
measurements/are neededin order to [draw algoodpicture on(the modelstrengthsand
weaknesses. [Usuallythe primarytechniquelofiobservations(inlevacuation @xperiments|is
video[tecording.[ Thel quantitative measurements| from[the Videol[tecordingslare then
made manually[aslalpostiprocessing.[ Thelvalidation ofl decision making[ processes
introduces[ al new! challenge! for[ the[ experimental design[and[ measurements( since
quantitative techniquestolobserve human(decisions, like[the[selection(0f éscape foutes,
arenot(readilylavailable. New [techniquesthat[canlidentify(and (monitor(thelocation’and
movement oflindividuals(arethus meeded. One suchldtechniquelistheRadio Frequency
Identification(RFID), [¢commonlyused for[temotelidentification ofl peopleand items.
Performing[reall scalel evacuations with[imany[videol cameras and[observers[is[very
labour[intensive. /Adding  the new![techniques[is likely[tolincreaselthel costl 0fl the



experiments, [at(least[in[the beginning[Wwhen(allot[of the ' work is[madelmanually. The
purposel ofl thel current work [ is[to[ provide[ validation[ datalfor[ somel aspectsl ofl the
evacuationmodellingand to [study/thelapplicability [of RFID on/monitoring/évacuees(in
fieldscaleleévacuation/eéxperiments.

Severaldifficulties(are[associated [ with [performingfield [éxperiments on public[spaces
likelshopping!¢centres: Thelinitial ¢conditions[can[not be[presumed accurately and the
measurements/are!difficultfoperform/without[¢onsiderablylaffectingthelawareness o f
thepeople. The mostlimportant[difficultylis/thelreluctancelof the property ownersland
administrators[to [organize[the évacuation[tests. Usuallythe[éxperimentsldre¢onducted
inlconjunctionwith/theevacuation/fraining program(and(in(coloperationwith thelocal
safetylorganizations. [ Fully[blind[¢vacuation[exercises, Where the[peoplelare[givenlan
impression[ ofl alteall fire, are uisually[ considered[uiseless[ for[training[ purposes and
harmful forthebusiness. Onlthelother hand, both(real firesland/falsealarms/take place
every howand then[tequiring[the evacuation ofl thelbuilding.[ Valuablelinformation
could Begathered if theseleventscouldbe monitored. Many (buildings/andpubliclspaces
arel equipped [Wwithsurveillance[ cameras[that/record[theleévents[and[store them[forla
certainperiod/ofltime. Typically, this[period(is from/few[days[to a month.(Onelgoal o f
thecurrent work [ is[ to[ find out[ thel practicallissues[ related[to[ the[utilization[ of
surveillancecameras(as(a/sourceloflévacuation/data.



2.[Experimentalimethods

2.1 Videolimaging

Videoimaging/maybelused[for two [primarylobjectives/inlevacuation/experiments: It
may![ providelaltecording ofl the doorlorlexitl flow[ for[later uise, orl[it mayl provide
informationlon/[thelreaction and[ premovement!times,[decision making[ processesland
other human(behaviour aspectsfor [later [analysis. The/donsumer levelldigital video (D V)
camerashave becomelvery[popular during(thelast[few[years. As[a tesult, the[camera
prices/have comeldown[to(allevelthat(eénables(the [purchaseloflseveralsuch/cameras/for
an/éxperimental@vacuationproject. Thelimage/qualitylofleven/thesmallestDV [Gameras
with[ approximately one[ million[pixels' [is[‘sufficient  for[ making[ observations on
evacuations.

Thelmain(difficulty[0flusing(thevideo[¢ameras is(related to [the[placementof ¢cameras.
Thislislespecially[trueforlindoor!situations when(thel¢amera must beused[withoutlan
operator. [Custom/made(stands/and supportsmustbeised.

Whenused/as(arecordingloflan exit flow, dproper(techniquelis meeded for[countingthe
humans. The resulting(datalshould[contain(the [cumulative[sum(oflévacuees atsufficient
time[resolution(to[enablethel¢computation ofl flow[tates. [(In[this[work,[the flows were
countedmanually by [using(a[custom(made [computer program, Evaccounter,that(stores
the(times[when(the uiser [presses thekeyboard[whileWwatching(the[video. The[software
gives/thelexact/times[ofl key[presses and[canlscale[theltimes based[on(thelspecified
starting[ and[ ending[ times[ for low[speed[video[playback. Theluserlinterface ofl the
counter(softwarelis[shown/in(Figure(l. The[Software was(developed ising MATLAB.

Automaticldetectionofl movinglobjects in[ video[ material is[usedlin[thelsecurity and
surveillancel cameralapplications. Thelapplication of’ suchltechniques was[studied[ by
contacting/companies|selling/thelservices/oflhuman/detection. Based[on[the survey,the
bestlaccuracyl¢anlbelachievedliflthel cameraslare[placed[directlyabovelthelobserved
area. Someloflthelsurveillancesystems havehitilities ‘that(dllow[drawing(a virtuallinein
the[picture, [and[automatically keeping trackofpeoplecrossing[thelline.[However, the
placement[ directly abovelthel observedlareal isl veryldifficult in[practical[evacuation
experiments(on(the(field.[Also, Somelof'the[commercial [Systems Wworked [onlylin[on[line
mode[providing[no[possibility [for[post[processing.

!Situation(ih[2006.



=10 x|
EVAC COUNTER

— Calibrat

Time of first event in seconds I 10

¥ Play speed modified

Time of last event in seconds | 327

— Usage
1. Type in the time of first event in seconds.

2. Start the video using whatever player you want.
3. Click START on EVAC COUNTER

4. Press SPACEBAR to count an event.

5. Press E to stop.

— Counted—

0 START| COUNT| CALC | CLOSE |

Figurell. Thelgraphicalluserlinterfacelof Evaccounter MATLAB program.

2.2 RadiolFrequency/ldentification (RFID)

2.2.17 Remote/personiidentification

Onelgoallthe[projectwas/to studylthelindividuallevel[personlidentificationlin[anon[]
contact manner [without [the nieed [for mechanical,[dcoustical or[optical[devices. Alllatter

mentioned [ techniques(tequire mechanicall structures/assembledlin[the[passagel ofl test

personsland usually(do motloffer ‘the (possibility(for(individuallidentification butonly for

simple (counting (o flthe mumberoflindividuals. Theyldarelalso [Very[vulnerable (because 0 f
the[big[ lvariationJin[ the[size[Jand[ imannerof Imovement[lof ‘people[lin[different

surroundings.[Accuracyloflmostlopticalldevices[suffers/from/smoke, water[vapour(and

loss[0fl sightWwhich[alsolholds[truel for[ acoustical devices. In[teal fire evacuation

situations[andlalsolinltehearsals, ho mechanical[devices in[the[passage of peoplelare

allowed. This[restrictsthelavailablelidentificationmethods.

Inlrecent!years, tadio[frequencylidentification (RFID) methods[for[item/management
haveldevelopedtapidly. [ Thefrequenciesusedlin/these[¢ircumstancesextend [from[135
kHz[t0[2.45[GHz.  Thelapplications/¢an beldivided toproximity, Vicinityland temote
sensinglapplications[dependingon(the frequency. [Frequency(tange from[433 MHz[to
2.45[GHzlandlabovelisconsidered to be the femotelsensing[range.

Theboundarybetweenvicinity land remote Sensingis(a little bit faltering. [Wsually[13.56

MHzlis[regarded(as dlvicinity frequency(becauselitrequireslarge [port(type@ntennas for
thelreaderdevices/inlorder(to lobtain/areading(distancelo fl1 [meter. The(link between(the

10



reader device and(thelobject tobeltead, [theltag, is/tealised withlinductive near!field
coupling.[Anything below(13.56 MHzlis[donsidered [proximity/orclose(doupledsensing.

The! techniques used[in[item[management! can[ easily[bel transferred!Jinto[ Jperson
identification.[Most [promising (frequency(ranges [arethe[§69 MHz[(ultrahigh frequency,
UHF)[and[2.5[GHz[frequencies. [In[these[frequencies, the(size ofl antennas and[tags(is
less[than[30[¢m.[Size oflmost(tagsisoflthe order ofl al few[¢centimetres. [ The [UHF
frequency (band/is(atthe moment [the most[popular(0ne @nd'a multitudelofTboth(tagsand
readers(exist(there. Thislislone of theteasons why UHF [tagsand/teaderswere[¢hosen
forl(thisproject.

2.2.2 RFID(Techniques/at'the UHF Band

Bothlactivelandpassiveltagslarelavailablein[the[UHF [band. Activeltagslincludela
batterylor(othersourceloflénergyland are biggerand heavier than[passive(tags. Passive
tags/donsist/onlyloflanlantennastructureand [a/small((~[1 hm(x [1mm) siliconchip. The
antennalstructure([canbe manufactured/on/alplastic[sheet/or boardland(the(chipis/glued
orlbondedlon(it.[Passiveltags/teceivelthe energy they need wirelessly[from(the teader
devicelduringthe reading/operation.

Therel arel several European’and " Americanlstandards[ which[tegulate the power and
modulation[techniques, (whichl¢anbeuisedat[al¢ertain frequency band. [ The ISO/IEC
FCD[J 180000] Radiofrequency( | Identification[] Standard[] for[] Item[] Management
Communications below 135 kHz[and[at[113.56(MHz, [ 433MHz, [ 860-930MHz[and
2.45GHzlis[thenewest European standard.

Inlthe[USA,[Electronic Product[ Code (EPC)[standards havel existed longerthanlin
Europelandpartlybecause of this/fact [EPCltags arelat/the moment[more[popular(than
tags Wwith[1SO[standards. [The ISO[18000standard [ tries[ to [ bring[the Europeanland
American(techniques|closer tol eachlother. Becausel ofl thepopularity’andlal Finnish
manufacturer,[Raflatac[ Oy[(formerly[Rafsec), passive[EPCltags werel[¢chosen[ for this
project.

TheRaflatac[G2 [ShortDipole[Wet[Inlay, (Global UHFIC1G2[EPC(3000843)tagand
thelsizeloflit(arelillustratedin[Figure[2. Tags/werelinserted[inan/ID[badgelin[orderfo
keepthem/apart[from thebody. In[UHF [frequenciesthelelectromagneticfield[doesmot
penetratelinto [the[human[bodylor[other ¢lectrically[¢onducting[substances very much.
ThisOwill[*kill” [ thelelectromagneticl field and [ prevent[ thelreading [ operation at[the
surfaceloflthebody.

11
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Figure 2.[lThe Raflatac! (formerly Rafsec) ' EPClGen2 RFID!taglin"an["ID[ badge.
Thelsilicon chiplisisibleinlthe lowestmiddle|part of the tag justlabovethe |plus|sign.

There are, however, tags[ Wwhich[arel especiallydesigned on[ electrically conducting
surfaces(but/theylare muchlmorelexpensive, stiffer’and thicker[than(the flexible sticker
typeltagsichosen for(thisproject. Theldost/of/Raflatac tags(isapproximately50(cents per
piecelin[smalllquantities. They[can(belintegrated [into [plastic[ID badges. Everyltag/has(a
uniquelidentification mumberwhich/canbe chosen Bylthe iser. The WID[is[96 bitslong
and (thus [gives2°° [different combinations. This(yields fo [more than(10*’ [choices for the

identificationmumber.

Whenlinterpretingthe[tesults onehas(to [bear[in[mind thatthe actual humberlofltags
whichlwas[ delivered[to[theltest[ persons[is[ hot[ hecessarily[ the[ amountwhich[was
participating[to thetests.[Also, the correct[dttachment/as[describedinlthelinstructions!(is
presumablynotthe waypeople iised the ‘tags. There wasromeans/oficontrolling[the iise
ofltags(during[thelévacuations(or(checking(thelactual(placement ofithe [tagimmediately
afterwards. The(tags(were[notdelivered or(collected [personally by [V TT [staff. (It [is[dlso
impossible(to[check theléxact'amount/ofltagsfromlvideo tapes.

12



TheUHF 1eaders’ chosen(for this projectlare the[FEIGIDISCILRU[1000 and[the
Deister[WDL500. The [FEIG[reader has[four(external[passivelantennas while [the Deister
reader[0nly has0nelinternallantenna. Due(fo [the[fact that the[FEIG[teader antennas(are
passive, [the haximum/dable(lengthfrom(onelantennalto ‘thereader islimited [to less than
10meters,iflalteadingdistance[0f 2 [to [3 [meters from[thelantennalis[desired. [Shorter
cables[givellarger(teading[distancebecauselthelsignallis[not attenuated[asmuchlaslin
longer(cables.

The[FEIG [teader (¢an[beldontrolled through(serialbus, éthernet[or(WLAN. TheDeister
reader(iscontrolledvialan'RS485linterface. [Aslin[this[project,[the FEIGteaderlis also
ableltolact(as(a[datalogger, whichlhas/amemoryloflapproximately[3000 readings. The
Deisterteader (has(to (be[controlled[and [read [0n(line. Both(teaders maybelsettodmode
whichlonlylallows[oneltag(to[belread oncelinlalcertain[period, whichl¢anlbelsettola
maximum/Value of 10 minutes.[ This[ will teducelthe[ memory[tequirements[ and[the
minimum/speed ofithe(dontrollinginterface.

Thelreading/distance(0fla[tag/depends/on(thelquality(ofithe tag, the[powerlavailableand
thelsurroundings. [Typicallylit[varies[from[2 meters(to 4 meters. Nowadays, however,
even(8[meter(reading(distancesare[quite.commonwith[good[quality tags/andreaders.In
the[future, when more[ imanufacturersjgo[ to higher[ frequency[bands, [the[ reading
distances(willlincrease(and [the Size0fltagsand(reader/antennaswillldecrease.

Aslimentionedabove,[ thel electromagneticl field[ doeshot[penetrate[into[ electrically
conductingmaterials'in/the (UHF[tange. Because ¢oncrete[wallsalways[contain/steel
bars andlother[¢onducting [materials,[the [ wave [ Wwill[be[teflected on(theSurface o f the
wall. [Thisis[why a(line[0f/sightis[not[dlwaysrequiredtoread lan[UHF [taginla[corridor
orstair.

Onltheother(hand, teflections will[give fise[to [a[phenomenon/¢alledlinterference. This
meansthat(the electromagneticfields[ofltheincoming(and [reflected 'waves [@re[summed
inLeveryl[pointLofl space Whereltheyexist[ together. [ Thelintensity and telative[phase
between/the Waves [determine what(the tesultant[Wwill be. (It (¢anbela direct[sum o f both
intensities, 'which[willlead fo[a[pronounced(intensity. [Or[it[¢an[tesult[foalzero field, [if
the waves lareléquallin intensitybutin[0Opposite [phase. Becauseoflthis, [itlis very!difficult
topredict what[ thel reading[ distancelin[allcorridoror[stair[Jis[ without[ thorough
measurements. [ In[the following[tests[thel antennal placement, orientation and[ power
selection/wasmotoptimallin this(respect, [Since it Was Hot[possible [to[tune the [équipment
with[d[largegroup l0fipeople beforelthelactualtests.
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2.3 Mathematical expressionsforithe evacuationflows

From(the/time[series 0flcountedpersons/welcan(take the slope oflithe count time[durve,
which represents the flow [rate J([personss ' | [6fldoorways or(stairs(expressed as,

AN

= (1)

where ANTis mumber/oflieévacuated peoplelinalcertain/timelinterval Az([s].

Specificflow J;[persons-s ' -m " ][isthe flow fate divided (with(the width W[[m] oflthe
doorwayletc. Written(as,

g =AY
AW

)

Thelwalking(speed vion(stairs ¢an[belcalculatedusing theldistances L[[m][between/the
antennas(at/different floors ' measured using[the walking[line[and (the time Atgpp![s]lit
takes(toldescend between/thelantennas. [Thus, thespeed!is,

L

V= 3)

AtRFID

It[isnotable(that the (walking[speed eéxpressed by the Equation[(3)[isinclinedwalking
speedthatis[the[resultant 0flhorizontalland vertical walkingspeeds.

Now the Growddensity p.[persons-m *](onstairs/danBe Written/as,

_J _AN 1
Pe= W " A v

4

Here p.lisimeasured(dlong/thelslanted(direction(oflthe stairs.[To gettheprojection’ona
horizontal(surface, p./mustibeldividedbylcos(0). where Olis[thelangleloflslopelfor the
stairs.
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3.[Evacuationfrom(apublicilibrary
3.1 Building(description

The[Main[ Libraryl ofl Helsinki[ University [ ofl Technologylis alpublicllibrary[withla
daytimel staffl ofl BO...50Cand[possibly[ several hundreds[ ofl library[uisers.[ Thel main
entranceland [the stafflentrance(oflthe(librarylare[shown/inFigure3.[A floorplan/andlthe
numbering oflthe(library/doors/duringthelévacuationlareshownlin[Figure4. Thevisitors
normallyuseldoors(2[and[6. Thelstafflalsoluses[door 1. Door(3[isfor fransportation of
goods/andlisirarelyiised.Doors4,5and 7 [dareonly used [for/eévacuations.

Whenvisiting the(building, the visitors mormallyénterthe (ain lobby from/either/door
2[or[6. From(thelobby, they(climb(to [the[second floor through/thefwo main stairways.
Fromlthesecondfloor, [the[visitorsmay!dccess/the library/collections/and [feading[toom
in[thefirstand linderground floors [through [the [two [internalstairways. Theldccess[tothe
evacuation'doors/4and(5lislthrough(thelinternal stairways. The Widths[ofithe(doors[and
corresponding stairwaysare listed in[Table[1.

Table!l. Widths of thellibrary doorsiand|stairways.

Door(s)[m] Stairway/[m] Door(s)[m][1  Stairway([m]
Door(l] 0.86 Doori4] 0.86
Door20] 3x[0.96 Door/501 0.86 1.20
Door3(] 0.86 1.20 Door6[] 3x0.96

Figurel 3.[1Thel"Helsinki University of! Technology (HUT) mainlibrary. The main
entrance!(door(2) onthe!leftland staff eéntrancel(door(l) onlthe right.
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Figurel4. Thenumberinglof theldoorsfor HUT main!library.

3.2[ Planning/andlinstrumentation

Thelevacuationwas/darried(out as[part/ofithe safety training[program(ofithe library/(staff.
Thelstaffl was[informed![that(theleévacuation[Wwould[takeplacelin[the given day. The
libraryvisitorswere notified[onlthe@vacuationexercise By printed motesonltheéntrance
doors. Exactltimelwas[not/specified, nor werelthedetails (o fithel@vacuation.

Itiwasanticipated (that most[staffimembers/would [exit through[door[1 [because(that Wwas
theldoor(they normallyused. Therefore, twol different[RFIDtechniqueslandlalstereo
cameral were[ used at[door[1.[ Al Vicinity[ sensinglteader ID[ISC.LR200A by FEIG
ELECTRONICIGmbH working(at(13.56 MHzfrequencywas ised[with[dcustom/made
antennalinstalled[to thelexit[door.[The temotelsensing[Deister teader workinglat (UHF
frequencywas[placedoutsidethe door told[distance oflapproximately(3 [meters. Before
thel evacuation,[ al grouplofl B3[peoplel ofl thellibraryl staffl werel equipped [ with[two
different tiypesOf[RFID [tags.

Immediately JbeforelIthellevacuation, Iresearchers[ lenteredIthe[Ibuilding[to[Imake

observationsonl¢rowd behaviourlandloutside [the [(building [fo[dbservealldoors. [Video
cameras/were used[to [Observe the@vacuationfrom/doors(1(and 4.
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3.3 Results

3.3.10Observations

Thel¢vacuation[started atlonelo’clocklin[thelafternoon. Alsmokelgenerator was[put/in
operationlin[the lobby, [thus[preventingthe use[0f'doors(2[and [6. Alfire[alarm[Went[off
370 8econds after[thel $mokel generator/ was/started, and[eévacuation/began.[ Thelalarm
signallwas(d(loudbell[sound. Soon(after the alarm, the staffimembers that [ were[part/of
thelsafetylorganization/started(to lead [peopletowards(theévacuation/doors. In[onlyfew
seconds/after(thelalarm, the’smokelstarted(to [flow[uplonelofthe main/stairways. In[5
minutes[52[$econds(after(the fire[alarm, all[189[people, thathadbeenlin the building,
hadlevacuated.

Afterlthefirealarm, the peoplein/thesecond floor had[to [choose (betweenthree [possible
routes: 'main[ stairwayand[two[evacuation' doors[ through!thelinternallstairways.[The
smoke (filled [the main[stairway[very soon after(thedlarm[and madelit[impossible [fo [ise.
Inlthat/situation, [algreatmajorityof'people/decided(to [evacuatethrough/the[stairway/and
doormumber!(5, which(Wwas[in'the opposite[énd[oflthe (building to [the*fire’.[During [the
evacuation,[people/clearlyfollowed the majority/ofithe/crowdtotheldoor(5,[even/though
theylhad(fo (wait some[fime(the daccess/to the stairway. The staffimembersfried [fo[give
instructions'and(distributepeoplelevenlyfo[the[two [available[stairways[but[the many
evacuees/did ot [paymuch/attention/to theselinstructions.

Theldlarmlsignalwas[soToud(dand(¢lear, [that[we canlassumedllthe peoplelobserved the
fire(at/the moment oflfire [dlarm. [After [the[alarm, [people(started [fo[collect(their [things,
pack(thelbags andwear[jackets. Some peopleldidlalllthatlin[just/afew[seconds, sSome
spentalmost two minutes. Thel premovement[times,[i.e. the time[from[alarm[to[the
actuallmovement[towardslanlexit, 0fl42[people[werel collected from the Vvideos. The
average[premovement[ timeWwas[36[s.[The cumulativeldistributionofl thesel[ times[is
shownllin[Figure[]5, Jaccompanied /by Ithe[]LMSfitted IWeibull[Jand/LogNormal
distributions. TheWeibulldistributionlis defined as

Frk,A) =§Gj et )

andTLogNormal(distribution/as

—(nx-py*/(20?)

f(x;/J,U)ZW

Theldistributionparameters for the[Weibull [distributionlare k£ =[1.8[and A =[40,and for
thelLogNormal u=3.45(and o=00.57.

(6)
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Figurel5.[ Distributionlof observed premovement times (N =[42)lin[the public'library
andfitted Weibull'andLogNormaldistributions.

Our[tesult/ forlaverage premovement/time was 368, whichlislmuchl[$maller than[the
value(73 [s/obtained by [Gwynne(ét(al.[((2003) for the university students.[Comparing[our
result/tolalarger[amountofldata, welcan(seelthat[the average[values/for[premovement
timelarelinlrange (0 19-83 s, [see(Table 2.

Table2.[Premovementtimes|from(different literaturelsources.

average min max description reference

00:1907 00:000] 03:12[] evacuationfrom(differentbuildingltypes  Purser(& Bensilum[(2001)
01:1000 00:00C1 04:06 university/staff Gwynne etal.[(2003)
01:1300 00:081 03:20 university/students Gwynne etal.[(2003)
00:441 00:1601 01:31 hospitallstaff Gwynne etlal.[(2003)
00:5100 00:30C1 01:06 hospital patients Gwynne etal.[(2003)
00:30C1 00:1901 00:54 furniture shop (OrebroTIKEA) ' Frantzich[(2001)
00:50(1 00:3501 01:13 furniture shop (OrebroIKEA) > Frantzich[(2001)
00:50(1 00:51C1 00:57 furniture shop (OrebroIKEA) * Frantzich[(2001)
00:27(1 00:09C1 00:46 furniture shop (Visterds IKEA) ' Frantzich[(2001)
00:511 00:40C1 01:07 furniture shop (Visterds IKEA) Frantzich([(2001)
00:3101 00:27C1 00:38 furniture shop (Visteras IKEA) Frantzich([(2001)
00:26(1 00:1501 00:50 furniture shop (Almhult TKEA) ' Frantzich[(2001)
01:02L] 00:45C1 01:40 furniture shop (Almhult TKEA) * Frantzich[(2001)
01:2301 00:3501 02:10 furniture shop (Almhult TKEA) ° Frantzich[(2001)

! StoreSide[of the Furnitureshop
?Festaurant(side [6fTthe furnitureshop
*Hearfolcashdesk
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3.3.2[ Escape/monitoring

The flows[ oflpeoplel out ofl the[ doors[werel monitored using stopwatches and video

cameras. [ Thel[videol¢ameras/wereused for(doors[1and (4. Thel¢umulative mumber o f
evacuated [peoplelas(function/oflfime(was[then[calculated for(eéach door.[Theresultslare

shownlin[Figure(6. Most staffimembers [used(the door[1and/the most[visitorsused(the

door[5.[Thelflow ofpeoplelout(ofithe door(5 Wwas/quite[steadyfromlabout[70(sfo[200(s
from(thelalarm, and[probably[controlled by the[Wwidthl oflthe stairwayland(the doors

leading 'to(thelstairway. [Theflow [tate[was found fo[belabout[0.7[persons/per second,

which(is[0.8 [persons’s 'm"'.[However, [the flow ratelis based on [the manual bookkeeping,

and[the[uncertainty[ ofl thelactuall flow[tatelis[ quite[ high.[ Therefore, thel flow![rates

presented herelare/onlylindicative.
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Figurel6. Thelcumulativelnumber|of eévacuatedpeoplefortheldoors|of publiclibrary.

Thel libraryl evacuation was[used[ for! preliminary!( testing[ ofl the[ different/ technical
monitoring techniques. Both/inductive land [WHF [RFID lantennasand stereo [Camera Were
installedlatDoor1.[A domparison(ofithevideoand [technicallobservations(revealedthat

e According(tolthelVideo[tape, 20 peopleuised[toldoor[for escape. 12 of these
peoplehad(the RFID [tags.

e Thelinductive[RFID/observed(andlidentified50f12.
e TheWHFRFIDIobservedlandlidentified ionly30fl12.
e Onlylonelperson(of12waslobserved byboth/systems.

e Thelstereo/cameralobserved 22 [peoplelusingthe/door.
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Thelmain(reason/ for thelow[identification percentage[was[that theltags/wereplaced
closel/to[Jthe[Ibodyllor[]somel]other[electrically’|conducting]object,[ ] wherel |the
electromagnetic(field/ceased[to[exist. [ Test[persons who wereidentified had the fagson
their[¢lothingor[otherwise farlaway( from[their[body. In(the[following[tests, [theltags
werelinstalled[inside[the 1D [badges and [Wwritteninstructions wereldelivered[Wwith[the
badges/to [dachtest[person.

Basedlon'these éxperiences, it [was(also[concluded that morelattention must bepaid on
theplacement 0fithe lantennas. Now [the lantennashad [to [be placed(inlocations(that were
farfrom(optimal ‘takinglinto [dccountthe(walking[path(of'the [evacuees. The[preparation
of'the RFID(tags(and(theanalysis/ofithe(tag(datawerefoundlaboriousandcomplicated.
Thelstereo¢ameralseemed tobela reliable device[for[counting people, althoughlitican
notlidentifylthe/évacuees.

20



4. Evacuationfromallargeofficebuilding
4.1 Building/description

Thelsecondlevacuationlexperimentwas carried(outlin'alargeloffice Building[in Helsinki.
Thelexperiment differed from(thelibrary(cdase hainly[in[terms/ofibuilding [geometryand
number(ofithe staffiregularly working.

Thelbuilding[has[ 7 floors and[4 [entrances| from[thelstreet/level.[ Normally,therelare
about 500 employeesworking[in[the building.[ The office[building[is[illustrated[in
Figure(7,[wherel(the entrances arelalso[shown. Theldoor1lisnormallyused(asalmain
entrance[0flthebuildingfor(stafflandvisitors. DDoors 2 [dnd 3 [dre ised by the[employees
only, and(lead (from(the(streetlevellto [staircases, (Where(the ¢levators/and(stairs/can be
used(toldccess(the ipper(floors. Door4(is ised [@sanexitinlévacuation/situations. There
isldnlaccess(from(staircase(3 [to [staircase 2 [throughlthefirstflooroffices. Thislaccess(is
shown by the upward(dashed arrow (oflstaircase 3 [in Figure (7.

A fireldoor

smoke ,
door4 generator

Figure[ 7. Thelgeometry of largel officel buildingl showing[the 4 entrances. [ Thel gray
areas|presentthelstaircases|at!thelstreet!level andthe dashed|arrows [presentstheléxit
routesfromlthelstaircase3linlourleéxperiment.

4.2 Planning/andlinstrumentation
Thelevacuation/was!c¢arried[outlas[part oflthe safety(training[program[oflthe building

employees.[ Thel evacuation was[ planned[ byl thel fire[ researcher[ team, [ locall safety
organisation, and[locallfire[ brigade.[ The main ideal ofl thel exercise[Was[to[forcelthe
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evacuees/toluselanlescapelroute/that wasinusuallandnotusedlin(daily[basis. Thiswas
realized[byblockingthe léntrances 1 and(3 ((seeHigure(7) Wwith/cold[smoke.

Coldsmokelgenerators[(Figure[8)[wereloperated manually[by[the [safetylorganisation
personnel. [Thelgenerators wereplaced(atthelstreet/levellinside[eéntrances(1[and 3.[The
smoke generator(in(staircase[3 [was[placed[between[the [duter door[(door(3)[and(a fire
door, solthatpeople(could(stillldescend safely isingthe[stairs tothestreet Tevel behind
thelfireldoor(and thenleither walk [inside 'the(building tostaircase(2 [and thedoor 2 [in, [Or
usetheldoor(4 [for(thelevacuation,seeFigure(7.

Figurel8. Thebwhitesmokelplumelarising [fromtheldoldismoke|generator.

Thelobservation! focused/thelstaircasel 2. Thelstaircase waslequipped[Wwith!$ix[digital
video[(DV)[¢cameras[and five[RFID antennas. For[RFID, the[ FEIG teader with[ four
antennas[waslassembled[into [the(staircase. Thelantennas[were[placed [on the entresol
landing[ facing [ athwart[ down[ towards/thel descending!test persons atlal distancel of
approximately2—3 [meters, [ds[shown(in[Figure[9.[Antennamumber!(1 was [between floors
6/and (5, mumber(2 between floors3[and 4 [andsolon. TheDeister reader((number(3) vas
placedlatlstreet/level (floor(1)lin[front[of the door 2.[Thelteader was[facing[down
approximately [l (meter(above(the evacuating[people. Bothreaderswere drivenwithithe
maximum [2[W power. [Deister Wwas controlled witha[laptop PCland [(FEIG Wwas(acting as
aldatallogger.
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For[RFID, [ four! groupslofl peoplelwerel chosen[from[thelbuilding.[ Thel groupsivere
equipped [(With[TD[badges[with[ colour[code and altaglinside. Written[instructions[of
correct attachment ofl the ID[badgeWwere[ given[toeachltest person.[ Group 1 (red)
received(23 [tags, (Group 2 [(blue)22,[Group3((yellow)[16[and [Group (4 [(green)20tags.
The fed [and blue groups were located on the 6" floorand [the [yellow [and [green[groups
onfthe 3™ floor.

Figurel9. Leftside: monitoringlequipments between!floor!levels (RFIDantenna and
DVicamera). Right|side: snapshot of the(DV cameralduring(thelévacuation exercise,
wherelalsolthel(red) [RFID tags arelshown. TheRFID!taglrecognitionliegion of!the
antennawas|closelto thelfirstldescendingpersonlin|figurelon|theright side.

Thelother[locations ofl observations[Wwerel outside[thel other[exit doors, as[shown[by
Figure[10.Inladdition, [tesearchers(were[making[observations at the street/levellinside
staircases(2,/and (3, [and inthe lobby ofthe main/door.

Figurel10.[LDV ¢camerallocationslin!thellargeloffice evacuationléxercise. Thelcrossed
exitswerelblockedwith|cold|smoke.
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4.3 Results

4.3.1Observations/oflevacuationexercise

Thelevacuationl exercise was[heldin[ November[2006. Before thel evacuation,[ the
employees werel informed! that! thel exercisel wouldl takel placel atl thel certainl day.
Informationwas[printedoutlon/the walls0fithe élevators.

Observerslofithe staircase 2 [stayed at/the [street(level, thusminimizing thedisturbance 0 f
thehuman(behaviour at[the ipperfloors.[ The evacuationexercise[was!carried outlin
guidanceoflthebuilding[safetylorganisation. [ The members oflthe safetylorganisation
worelyellow![safety waistcoats[for[identification. Thellastl few[peoplelevacuating[the
buildingwerelalsomembers 0flthe safety organisation.

Thesmokegeneratorsiwereturned on/simultaneously(in(staircases/1[and 3. It took [@about
2[min/before(the firelalarmwent[off,[and the (évacuation started. [The(first[people[came
outfroml[the[staircase2[in[dbout[1 infrom[thedlarm. Most 0f'the[peoplecame out, ds
planned, [through(staircase[2.[From[doors[1[and[3, the first(people ¢camelout inlabout
1 thin,[when[smoke [Wwas[not[yet filling[all(the[space. Theylall[belonged[to[the safety
organisation. Thelocallfire[brigadelarrived tothe main entranceland[started!thelfire
attack(at[6min40(secfrom/thelalarm.

Thelevacuation/throughstaircase2[wasafterwardsdnalyzed ising the[video [fecordings.
Most oflthepeople walkeddalmly/and no rushing(was/observed. Queuingwasobserved,
becauselsomelindividualsdecided[to stopland give wayfor(the flow descending[from
theipperfloors. [One Biglqueue wasonceformed (whenld[small(groupofipeoplecoming
from(the ipper floors stopped for(60(sand(allowed the[flow [from(the [0 ffice to enter(the
starrway.

4.3.2( ldentification/ofievacueesusingRFID

Thepercentagelof  tagslidentified [during theltest[was[much[better[thanlinthe public
library.[Table[3 [shows[the number[ofltags delivered land[observedlinlany of thel five
measurement [points. [As(dan(beseen, dlmost(allithe tagswerelobserved|atleast/once.

Table4[presents/the percentage ofltags observed [onl¢ach floor compared(to theltotal
numberofl tags[ delivered. Fourlupper[ floors Wwere measured with[the samelreading
device.[ Differences between! thel floors[ are[ partlyl duetol unexpected paths ofl the
evacuees. [ Thelyellow[Group 3 lis[da[goodlexampleoflthis.[TheyWwerel¢xpected [fostart
from[floor(5dike the[greenGroup 4, butlinsteadtheyseemto havepassed by the whole
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staircaseand appear(onlylon(floor[1.Most likelythis kind[ofbehaviourlapplies(tolall
other/groupsaswellto [Somelextent. (Group 3lislonlylincludedlin/totallaverage.

Table3.[Numberldftags|deliveredland|identifiedlinthelargeldffice building.

Group - Group2 Group3 Group4
Tags!delivered 23 22 16 20
Tagslobserved 20 18 13 19

Percentage oflidentified tags 87.0 81.8 81.3 95.0

Another(reasonfor(the differences may [belthevelocitylonla certain[floor. On[the ipper
floors[5[and[6 [together [with[floor 3 the[percentagelofl observations(issmaller/thanlin
floors[4[and1.[When!the toadlis blocked [peopleltend[toslow downland (maybe furn
around(alfew!times. This[ gives[thelteader devices morel timeland[ opportunities to
identifylalspecificltageévenlifipeoplestand closetoleachlother/and Block ‘the lineloflsight
to(the(teader. Thelteader antennas/may(also [have beenmisaligned/thus¢ausinglower
percentages|at/some(floor.

Thel number [ ofl observations onlJeachl floor[lis[ compared[ to[ thel total number[ of
observations(ofld(certain/grouplin/Table[5. Thelsame(tendencylis'shown!aslin[Table4.
Both(tables/show!(thatthe degree oflsuccesslis[¢lose o 601 %. The[percentage ofltags
identified/in(allimeasurement [point(is/shown(in Table(6.

Table4. Degreelof successinlindentifyingtags'onlalspecificfloor. Seeltext[forlexpected
reason [for\poorisuccesson Group! 3. Group 3lislonlylincludedlinltotal average.

Floor _ Group2% Group3% Group4% | Average %

6 47.8 18.2 O O 33.0
5 60.9 40.9 0.0 10.0 37.3
4 73.9 50.0 0.0 90.0 71.3
3 47.8 22.7 0.0 65.0 45.2
1 65.2 63.6 81.3 70.0 70.0
Average % 59.1 39.1 81.3 58.8 «—[59.6

25



Tablel5.[Degreelofisuccess'inlindentifyingltagsonlaspecific floor.[All percentagevalues
areldomparedto (theltotal number|of observedtagsinlda 'group. Group 3lislonlylincluded
inltotallaverage.

Floor - Group2l%  Group3'% Group4%| | Average %

6 55.0 22.2 O O 38.6
5 70.0 50.0 0.0 10.5 43.5
4 85.0 61.1 0.0 94.7 80.3
3 55.0 27.8 0.0 68.4 50.4
1 75.0 77.8 100.0 73.7 81.6
Average % 68.0 47.8 100.0 49.5 «—[66.3

Table[ 6. Percentagelof! tagslidentifiedlinlévery  floor.[Group[3lis notlincluded in(the

average.
Group2 Groupl3 Group4  Average
Group T o, o, o, o,
Compared to tags(delivered 26.1 13.6 0.0 10.0 16.6
Compared to'tags/identified 30.0 16.7 0.0 10.5 19.1

Allltablesshow(that there(is[a(lot0flvariationbetween(the[groups(also. [This maybedue
to(theldifferencesbetween(the [briefings/before(the evacuation(tehearsallinle¢achlgroup.
Notlnecessarilylallthelevacuees have heard or[tead!thelinstructions/forlusing the 1D
badges.[ Clothing[maylalsolhavelanlinfluence. Metallic[ zippers[in[the outerwearlare
madel ofl electrically[ conducting[ material. [ Depending on how! fast[ peoplelleavelthe
premises/theymayhave!different kindof'clothing[on.

4.3.3Numberiofievacuatedpeopleandthecrowdflow/rates

Thelratelofl evacuating[people wasl counted [using the(MATLAB scriptldescribedlin
section[2.1.[Thelcontrolline was(determinedfrom(theIDV[¢ameralvideos, [so that/every
person(that/crossed(thelinewas[counted. Thelcontrollline(ofithefloor(levelslocated just
beforelthefirst/tread goingldownwards((seeHigure(l1),and the controlline 0 flfront(door
locatedlat[the doorway. The number[of humansloriginating [ from[alcertain/ floor[was
counted By/[summingup(the flowscomingfrom/theldoorways(on(theleftand rightsides
of'thefloorlanding.
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Figurelll. Anlexamplelof'countingthepeoplelin(staircase 2. [INumber|df peopleland the
evacuationltimeltogether'werelrecordedwhen onelcrosses|thelcontrolline.

Themumber oflévacuated [peoplelthroughlstaircase2[is[shown in Figure[12. Figure12a
shows!the [total flow [of peopleldown(thelstairsiatleéach(floorllevel. [Figure[12blin[furn
shows|the flow[oflpeople entering the stairway(at éachfloor. Total iumber/ofievacuated
peoplelin(6min/periodwas281. Thellinearpartsofithe curves/show (thatthe humanflow
was/saturated [due(to[the[limiting[ width[ofl the[stairs[and[the[ front[door. Figure 12b
shows|that the ‘majority oflthe[peoplecame fromthe 4™ and[1% floors. Themumber of
peopleising(the(other(doorsWas:[7[people from(door1 [in[4 [in, 3 [people fromIdoor3
in(50(s[and 2 [people from/door4/in(1 in(12.
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Figure12."Numberlof'thelevacuated peoplefrom[staircase. i) [Accumulated| starting
from 6™ [floorland B) theliumberof persons|perfloor.
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Table7. Thelcrowd|flowlrateslin stairslandfront'door.

curve * Ji(flow rate) ° corridor/dooriwidth  J; (specific[flow)
[persons-sj il [m] [persons-sj m']

Front(door 1.35 1.07 1.26

2" floor ¢ 1.04 1.27 0.82

3"floor ¢ 1.05 1.27 0.83

4" floor ¢ 1.02 1.27 0.80

* derived from Figure12
®the linear [partlofithelslopelisdalculated [person values/ranging/from(50to150.
¢ flow Irates (6nsmooth floor

flowl[rates(on stairs

Thel computed! flow[ rates[ arel presented[ in[Table[ 7.[ For[ al comparison,[the[ SFPE
Handbook[(Nelson[& Mowrer 2002) Tists[the[maximum specific[flow Valuesin/different
conditions. Forlaldoorway, [they(give 1.3 [persons-s ' -m", whichlislin good agreement
with(our results. For stairs, [the range is from(0.94 to 1.16 [pers. -s"-m"' [dependingon the
shapelofitheltread. [Specific(stair(flow [rates/obtained/in/our(study are(slightly lowerthan
thelliterature[Values.Possible[teasonslare[the[definition ofl the ‘effective [widthloflthe
stairs[and[the[fact that[in[our(study,the flow tatewaslaffected [by[the ‘merging/flows
from'theside(doors, especiallylin/the firstland fourthfloors.

4.3.4/ Walking/speedandicrowd flow/density

RFID[measurements(wereused fo[c¢alculatetheleéxact/times Spent by individual [ RFID
tagged(personsbetween floorIevels. Inlorderto[calculatethe walking[speed, [atleast [two
time [marksbetween/two (floors had(to[befound. Due!to [the érror(sources discussed in
section(4.3.2,thenumber [0fIRFID [persons/who [left [atleast two [time[marksat[different
floors,and [for'whom the [walkingspeeds were[¢alculated, was[telatively [low, ‘only[44
(63%). [ Theloveralllnumberlofl walkingspeed[ datalpoints[was[97, becausel for[some
persons, [thewholelwalkinghistory(through(the stairs was(traced by/the RFID [System.

Inlthelcalculationlofl thel crowd densities, [ thellocal  flow[tates, $hown[ previouslylin
Figure(12a, were used(at[Same(fimelas[thefirst [timemark [to [the[RFID[systemwas [eft.
Thislocallflow [rate wasassumed!to lastuintilthe mext RFID [observation(tookplace. The
walking [ speed [on[ stairs[ versus[ crowd [ density[is[ presented in[ Figure[13.[Strong
dependencelonlthelcrowdldensitylis[ found whenlthelcrowd[densitylis[ $maller[than
0.5Ipers-m *.[ At higher densities, the walking[$peed [decreases linearly. The difference
between/maleland/femaledatalis not[significant, [as[demonstrated(in(the right (hand [side
figure'showingthe [same(datalseparatelyfor(thaleland female [persons.
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Figurell3.[Walkingspeedlon|stairs'as afunctionlofl ¢crowd density. Onlthelright|side
walking speeds|arepresented between(malelandfemale. Data pointslare!derived|from
theltraces|oflthe RFIDtagged personslinthelstaircase2.

Theloverall cumulativeldistribution[ function[for[walkingspeedslon(stairs/is[shownlin
Figure(14.[Alognormalldistribution/function(is fitted [to[thedata points, showingagood
correlation. Themedian/oflthe fitted [curvelis[0.64 m/s[andthe95 % [fractilelis[1.04 m/s.
Comparison'to the(literature values/shows thatthe[current[values(are(slightly lower than
thosemeasured by Fujiyama &[Tyler[(2004). Theymeasured [descending Wwalking [speed
values®[between[ 0.76—1.30m/s by changing[ the [ stair_angle from[24.6° to[30.6°,
corresponding ! to[lallqualitativel transformation! from! “normaldescending”[to[ *“fast
descending”.[Inlouréxperiment, [the[stair[angle[wasabout[27°.In[the ¢éxperiments by
Fujiyamal &[Tyler[(2004), theparticipants/Were[Wwalking[aloneland[hotlinlalcrowd,
which(certainly (havelanlincreasing [affectto walking/speedvalues. The[SFPE Handbook
(Nelson & Mowrer[2002)suggests[speeds between[0.85—1.05 /s with[Varying[tread
shapes.[Our [result[seems|to belaffected by thequeuing effects.

4.3.5Premovementtimeestimation

TheRFID[observations ofl evacuated people descendinglin[staircase 2 are shownlin
Figure[15.[Theselobservations[Wwere[used[to[eéstimate!the distribution[oflpremovement
times [intheloffice[building. The times werelmeasured byl¢ollecting thel first tecorded
observations(ofléachlindividual(person by the RFID [System at 5" @and 6" floors, shown
in[Figure(15. Thefirstrecordedeventtakesplace(at30(sland [the last(at/4 min. These are
only(the(time Values Wwhen(a[RFID [fagged [person(appeared(atithe(staircase, and thereal
premovement[timesarel $maller. [However, these tesults[¢an be used[tolestimatelthe
width(oflthe[premovement time[distribution.

*[these Values arelthelinclined Wwalking! speed/values, based on!thelstair angles[ of Fujiyamal & Tyler
(2004).
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Figurel14.[Cumulativedistribution function of\walking speeds|onstairs'andlognormal
fit'toldata. Thellognormalldistribution function|parameterialues'were( [=10.447 1 land
01*10.2954.['Thelastldatapoint\(1.85m/s) belongstola “memberlof! the safety

organisationpersonwho was[#unninglinlempty|staircasebetween floors(6land4 atthe
timelof'4 min.
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Figurel15. Thelrecorded! timeslof! évacuated peopleldescendinglin(staircasel 2.[Each
single'linelrepresents|thevecorded!fimes oflalsingleperson. Notelthatthey daxis isnot
drawnllinearlylandthattherewasnot RFID imeasurementlinsecond|floor. Group!1land
2worked|at the 6" floorandthelihembersof group 4 atthe 5" [floor.
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4.3.6 Results ofithelinquiry form

Soonlafter(the/eévacuation, thelemployeeswerelasked to fill [dn[inquiry [form/¢oncerning
theJexercise. /'The [form[waslon[JallwebUsite, [iwhere[ the Janswerslwere[recorded
automatically(to aldatabase. Thelinquiry[form[¢onsisted[0f18 questions(tegarding/the
differentaspectsloflthelévacuation/eéxercise andlonelopen(page forfree[comments. In
free [comments, where the iumber(ofrespondents was(19, several peopletold they/could
notl¢learlyhear(thelfire[announcements[during/thelexercise. Alsolsome[personwould
havelJwanted( to[ havel lan[lexercise [ lwithout[Jany[Igiven[ briefing[Jand/ linformation
beforehand.

Some 0 flthe(18[specificlquestions/and(the @answers(for thestafflare [presentedin Table 8.
Thelkey(findings(are

— Thelbriefinglandannouncementswereclearly moticed (before ‘theexercise.
—  67% lofirespondentshad Mo [prior(eéxperienceOnlévacuationlexercises.

— Almostlhalflof'the tespondentswould have usedthemain(door, the well known
route, [fo [évacuate(butlinlthelexercise,doors(2[and 3 [were tostlyised. This Wwas
against our[observations. Thelteason[mightbe[that(the original[alternativeslof
door[selectionwere[givenlas(streetaddresses, motlinlaform[of “door1”,[*door
2”.[Theltespondents/mayhavelhad[difficulties[to [connect(the address(to[altight
exit/doortheyised/in/exercise.

— About[70[personsused/theroutestarting[from(the(staircase 3 [dnd finally [énding
toldoor(2[in[staircase (2, due(fothe[Smokelin[staircase[3. This[movement/[c¢ould
have[beenlinterpreted/as’auselof ¢évacuation(toute oflthestaircase(3, whichlis
closertolthe(street/address.[According to our book keeping,[theldoor 4 wasonly
used by [two persons(during the wholelexercise.

— Selectionlof! the[different[ route[ lwas[Jmainly[ caused[ by smoke[Jor Isafety
organisationmember(guidance.

— Officelstaftlfelt/slight[¢congestion/during[évacuationlin[staircase, butlit[Was[not
conceived (as/uncomfortableloranxious.

Thelinformation(obtained[from/thelinquiry [formhelps/the officesafety/organisation/and
thel staff itselfl to[ develop[the evacuation procedure[ byl tevealing[thelstrengthsand
weaknesses/oflthelévacuationplan. (For [the researchers, [information from the [forms/can
bebothiquantitativeland/qualitative, [demonstratingdlsolsome [behaviourallaspectsof'the
evacuation/eévent.
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Table[8.[Somelof thel questions|delivered!tolthelstaff after thelévacuationléxerciselof
largelofficelbuilding (N'=90).

Did(you knowbeforehand/about theevacuationexercise?

yes 100%
no 0%
Didyou(get briefing(forithe exercise?

yes 94 %
no 6%
Have youpractised/evacuation'before?

yes 33%
no 67 %
Howdidyounoticethe("fire"?

|Inoticedthel[smoke 6%
I(heard(thelalarm 90%
Announcement(given by the(safety organisation 1%
Announcementigivenbyotheripersonnel 3%
Ilwas/not(participated 0%
Where(did youllocate, whenyou noticedithe"fire"?

Inimylownoffice 89%
In(coffeeroom 2%
Inlconference(facilities 4%
Inimyworkmates'room 2%
In(diningroom 0%
Other(places|(toilets, corridors(etc.) 2%
Whichrexitroute youused? *

Door™ 2%
Door(2 47 %
Door(3 44(%
Otherroute 7%
Whatwasthe first’exit foute youthoughttouse? *

Door™ 45%
Door2 23%
Door(3 21%
Otherroute 3%
I[didnothaveltimetothinklaboutit 8%
How often(younormallyuse’theexit route you/choselinlexercise?

Daily 17%
Everyweek 20%
Rarely 34 %
Neverlused before 29%
What /was the mainreason(forichangingthe exit routeyoufirst thought touse?
Thelexitfoute was blocked (withismokeletc) 42(%
| followed thelguidancefrom(theisafetyorganisationmember 42(%
Becauselotheripersonnelfoldimeltoluse@anotheriroute 4%
| followedmy(workmates 10%
Otherlreason 1%
What(didyou'do afternoticingthefirelalarm?You/¢can/choose manyalternatives.
Istartedimmediatelyfowalk towardsthelexit 36%
I[dressed(up(clothes before(starting/tolevacuate 77%
| first wentto/my office((forlexamplesearchingimy(wallet or(clothes) 8%
[shutlofflorllockedimyicomputer 52%
| finishedthepresentworkliwas(doing 5%
Welgathered/algroupofiworkmates and(startedtothinkiwhattoldonext 34%
Didyou(closelthe dooriofthe[room(youllocated(at/alarm?

yes 21%
no 22%
I[donotiremember 3%
| 'was(notlin/aroom withdoor 53%
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Did(youface/anyrushiatitheflooryou(startedtolevacuate?

no 44%
slightly 39%
yes, butitheldescendingstill'lcontinued 17%
thelfush was(soldense(thatIfeltluncomfortable 0%
therushiwasdenseand@anxious 0%
Did(youface/any/congestion(atthe(stairs?

no 17%
slightly 48(%
yes, butithe'descendingistillicontinued 36%
thelcrowdwas(soldense(thatlifeltluncomfortable 0%
thelcrowdwas/densel@andlanxious 0%
Did(youevacuatethroughthe'smoke?

yes 7%
no 93%

@ theloriginal @lternativesWere Mot [ih form[6f“door 1, [door 2, [6tc.”[Gutfin form 6f Hiame [6f the Street @ddress

and, whichthightHave[confused the respondents.
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5.[Evacuation fromaimedium(sized/office
building

5.1 Building/description

Thel third [ experiment Wwas [ organized[inal medium'sized  officellocated[in[ Helsinki.
Normally,[about300peopleworkin/thebuilding. [The building has4 floors/and 5exits
describedlinFigure[16.[Theldoor(5is[themain(entrance(tothe building/andthe other(4
doorsareluised only[for[evacuation purposes. Doors 1-3lead fo[anlinner[¢ourt of the
building, [ from[Wwhere[the archway[leadsto[thel street. Door[4[leads! straight[to the
archway.

10(m

Figurel16. Mediumsizedl officelbuilding having5 évacuation|routeslillustrated with
arrows.

5.2[ Planning/and/instrumentation

Thel¢vacuation[was/carried[outlas[part[ofl the[safety(training[program(oflthe building
employees.[Thelévacuation/wasplanned by [thefire researcher [feam/and(thelocal[safety
organisation. Thelmain(idealoflthe eéxercise was[to force(thelevacuees to use anléscape
route[that 'wasinusual [andnot(usedlin[daily[basis. This[Wwas[tealized by blocking the
internal(stairway(leading to (main(éntrancel(door[5)with[cold[smoke. It [Was anticipated
that[imost[ people from[upper! floors would thenusel theltoutel throughl staircasel 1,
corridor(and Moor!(1.

The[FEIG[teader with[ four antennas/ waslassembledlinto[thelinternall staircase.[ The
antennas(wereplacedlon(the entresolllanding/facing[down[1 meter(above[test persons.
Antenna mMumber(1 (wasbetween(floors(C4and (€3, number 2 between [floors(C3[and [C2
and[solon. The[Deister teader[(number5) Wwasplaced on/floor[CPloutside the[staircase
facing[downlapproximately 1 meter(above theltest persons. Both(readers wereldriven
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with[the maximum [2[Wpower. Deisterwas/controlled with[d Taptop[PCland [FEIG[was
acting(as/aldatallogger.

Test! personsland tags[werel dividedinto[ four! groups, Which[werel marked[ with 1D
badges/with[¢olour(codeland altaglinside. Writtenlinstructions oflproper attachment/of
the(IDbadge Wwereldelivered[toeéachtestiperson. Group(l [(red) eceived 29 [tags, (Group
2[(>110)20,[Group 3 [(green)30[and [Group4[( )[23[tags.Thelted[Group[1 [Wwas
located(on(theC1 floor, theblue [Group(2 [0n/the [C2 floor, the greenGroup 3 [(0n(the (C3

floor(and thelyellow [Group 4 0ontheC4 floor.

The[DV ¢ameraswere[mainly usedfor tecording/the events/of thelinternal [orridor, as
illustrated by Figure17.[Cameras[wereplaced [in[bothlendsoflthelcorridorlandlone
cameralto [fecord thedoorwayloflstaircase 1. Qutside the(building, onelcameralper door
was(used[(5[cameraslin/all)[and[onel¢ameralwas[placedlinlalcar(park(atthe basement.
Cameras/were[notplacedinsidelthelstaircase[1.[ Theloutsidel cameras[ werel operated

manually. [Cameras[inside the[building [were[alonelandthey were[started about[5 thin
before(thelalarm.

—_— staircasel1
(carpark) E

DV6,

corridori(inside)
1L Door1
L :| | @
2

O

Door(5

Door(2

staircase .
innerlcourt

g8

street

[Doori4| \

/ innercourt M
staircase!3

Figurel17.[DVicameralinstallations'in'medium|sized office building. (Drawing!is [not(in
scale.

[Door 3]

5.3 Results

5.3.10 Observations during the(exercise
Alfewldaysbefore(thel experiments, theloffice[personnellwereltoldthe daywhen(the

evacuationwould/takeplace. Thelexact[timelofithelexercise Wwas[nottold. [Afterwards,!it
was[noticed[that'on the daylevacuationlexercise, [the[umber ofl theworkers[was not
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closeltolits'mormallvaluelestimated[by[the safety organisation/grouploflthe building.
Thus, [thehumber[ofl eévacuees|inlthe experiment[turnedl out/to be muchllower than
planned.

Thelcoldsmokelgeneratorioperated only 2 min301s, [and (it (Was[shut [0 ff, (because it [was
assumed [that the[smokewould not[spread to upper(floorsiofithelstaircase(2. Despite this
event,[thel $mokel detectorlinlthelstaircase[2 [Wwent[ offl soonlafter[shutting[ the smoke
generator.[One[ member[ of thelsafety organisation[ was!$tanding[in[thelstairwayland
preventingpeople[fromlévacuating through [thestaircase 2.

Most 0flthe [peoplelcamelout from[the maindoor((door(5).[At[thetime oflthe fire[dlarm,
there[was(alVisitor[groupl¢ominglin[through(the main(door, but(withinonly[10(s(they
decided[tol¢vacuate[ from/the[building. [ The door[ B, which[was assumed(to[belless
familiar[toute thel personnel,[was[used[quite[ extensively[ becauselof the[guidancelof
safetylorganisation. [(Onlyfew [peopleised the corridorland(the staircase 1.

Within[thel staircasel 1l [it[was[ observed[ that[ for[most[ people, even! for[thel safety
organisationmembers, [it Was very(difficult [fo leave[the staircase(dt[the right floor(level,
enter(thelc¢orridorandthen proceed(folarightexit. [Two [small'groups(ofi4 and[7 [people
were [ found[follow the(first personland [descended(all(the way to[the basement, Where
they(noticed(they/are at wrong(floor. [After this theyhad[to @ascend onefloor togetonlthe
right(route. These events [took[about 30 sfor the [first'and (40 [s/for the second [group.

5.3.20Number/ofievacuees/andestimations ofithe premovementtime

Thelcounting[of the[personsiwas[ donelusing the[digital[Videos[and the[Evaccounter
software. InFigure(18, the[cumulative sums(oflévacuees forleachldoor(are[shown. Most
of’thelpeople camelout from/thedoors(5[(the ain(door)and(3. The number(oflevacuees
for(thedoor[5(starts(to [increase immediatelybecause(the visitors[came out(at[the[same
time[as(the(firealarm[was given. Total[number oflthe evacuated [peoplewas[139(and
theyldameQut Within/approximately(6 (min.

36



70 : : : 140

o o 1201
-3 %
9 o
o =—=door 1 8 100
E ===door 2 E
[ --=-door 3 S 80
e --=door 4 e
? ==door 5 3 60
s S
3 g w0
£ £
= =
=2 Z 20
g i L G i L L i L
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time from alarm (min) Time from alarm (min)

Figurel'18. Left: "numberlof evacuated! people! through! each!door.U Right:[thel total
numberloflévacuated|peoplelfromthe medium sized office building.

The flow [rates/determined from Figure(18(are[0.54 Pers/sforldoor 3[and 0.58 [pers/sfor
door(5.Bothloflthe[valueslare[quitelow [compared to [literature values and [our[former
evacuation/cases, [thus/revealing [that[the[wholecapacity/ofithe exit/routes Wwasnot ised.
Onlyldbout30people tised[door(1andoflthose, onlylabout 15 ised/alsothestaircasel1.
Thus,crowd/densities andwalkingspeedswere notldetermined(for this l@xperiment.

Figure[19[shows[the[RFID[tecordings within/the Staircase(1.[The mtumber ofisuccessful
RFID[recordings(waslonly12. Thelpeopleléntered(the staircase1-3 minfrom(thelalarm,
whichlis(allittle(bit faster thanlin/thelargeloffice building.

Timelfrom(alarm({min:s)
00:00 01:00 02:00 03:00 04:00
—— Group2
—— Group3
—— Group4

Figurel19.[RFIDvecordingslinStaircase!l lduring the mediumsizeloffice evacuation.
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5.3.3lldentification/of levacueesiusing/RFID

Alsummarylofitheldelivered [@and [0bserved [tags(inthelsmalllofficebuildingevacuation[is
shown(in[Table 9. The percentagelof tagslidentified waslallittlebit ‘better thanlin[the
publicllibrarylevacuation/ but much/smaller/than[in the[largeloffice[building. Thislis
mostlyldueto [the fact/that hany [tests [persons/did ot attend [the test. [Thered (Group (1 [is
anlexampleoflthis. Thus, (Group 1 [is Mot ihcluded(inthestatistics below.

Tablel10presents thepercentageoftags/observedon/eéach floor compared(tothe total
number(ofltags/delivered. Thelreasonfor(the low[percentages/maybeldue to thelack of
test[persons. Thel percentages ofl identified personsperl floor, compared(to[theltotal
number oflobservationslin’alcertain[grouplare/shownlin[Table[11.[The(teal degree of
successfullidentifications(is[somewhere between(the[valueslofi Table[10[and Tablel11.
Thepercentagelofitagslidentifiedinallimeasurement point(is'shownlin[Table[12.[Aslin
thetwo[previous/cases, [therelisallotof variationbetween (thegroups. [In(thiscase, [the
variation[is[partly(due to ‘the small mumber [ofltest [persons.

Table9.[Numberldf tags|delivered|and identified|inthe small officelbuildinglévacuation.

Group - Group2 Group3 Group4
Tags!delivered 17 19 5 9
Tagslobserved 0 4 3 5

Tagslidentified (%) 0.0 21.1 60.0 55.6

Table[10.[Degreelof' successlinlindentifyingltags'onlalspecific floorlaslalpercentagelof
theltotallnumberlof'tags|delivereditolalgroup. Group'llisnotlincludedlinthelaverage.

Floor - Group2% Groupl3% Groupl4%[ | Average %

C4 L] L] U U U
C3 O O 60.0 22.2 41.1
C2 0 21.1 60.0 44.4 41.8
Cl 0.0 21.1 40.0 11.1 24.1
Cp 0.0 21.1 60.0 55.6 45.5
Average(% 0.0 21.1 55.5 333 «—[36.5
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Table[11.[Degreelof successlinlindentifyingltags'onlalspecific floorlaslalpercentagelof
theltotallnumberlof observedtags'inlagroup. Group!lisnotlincludedin|the dverage.

Floor - Group2l% Group3%  Group4%_. Average %
L]

C4 L] [ [ [
C3 O O 100.0 40.0 70.0
C2 O 100.0 100.0 80.0 933
Cl 0.0 100.0 66.6 20.0 62.2
CP 0.0 100.0 100.0 100.0 100.0
Average (% 0.0 100.0 91.7 60.0 «—I[83.9

Table[12.[Percentagelof'tagslidentified inlevery floor.(Group!llisinotlincluded|in(the
average.

Group - Group2 Group3 Group4 Average
Compared [fo tagsidelivered 0.0 21.1 40.0 11.1 24.1
Compared to'tags/identified 0.0 100.001  66.6 20.0 62.2

5.3.4[ Results/of thelinquiry form

Soonlafter(the/eévacuation, thelemployees werelasked to fill [dn[inquiry [form/¢oncerning
theJexercise. /'The [form[was[lon[JallwebUsite, [iwhere[ the Janswerswere[recorded
automatically(to aldatabase. Thelinquiry[form[¢onsisted 0f18 questions(tegarding/the
different[ aspects/ ofl thel evacuationl exercisel but[ho[space! for[ free[ comments.[ The
questions(are[summarized(inTable(13.

Welcan/see(that(2/3 [ofltherespondents havehad[some experience oflevacuationbefore.
Thelevacuationhappenedmostly by following other [personnelland mot by followingthe
safety/organisationmembers. The different/doorsiwere(selected[quite Liniformly, andthe
main[ | door[] wasl] not[] highlighted, [ contrary[] to[| our[] observations.[ | To[] avoid
misunderstandingslin[door[selecting[questions, [ welhow[used the [terms[“door[1”[and
“door[2”laccompanied bylalmap [ofl the building [With[the doorlocations shown. The
resultimay(belaffected bylthe [smallmumber ofirespondents. [tlismotablethatOver(halflof
personsised(anlexit routethatlwasmot well[known forthem.

39



Tablel[13.[Somelof the questions|delivered|to(thelstafflafter thelévacuationlexercise of
mediumsizedoffice building[(N=48).

Did(you knowbeforehand/about theevacuationexercise?

yes 88%
no 13%
Didyou(get briefing(forithe exercise?

yes 58 %
no 42(%
Have youpractised/evacuation'before?

yes 67 %
no 33%
Howdidyounoticethe("fire"?

|Inoticedthel[smoke 6%
ITheardithelalarm 88%
Announcement(given by the(safety organisation 4%
Announcementigivenbyotheripersonnel 0%
Ilwas(not(participated 2%
Where(did youllocate, whenyounoticedithe"fire"?

Inimyown office 66%
In(coffeeroom 4%
Inlconference(facilities 19%
Inimyworkmates'ifoom 0%
In(diningroom 0%
Other(places|(toilets, corridors(etc.) 1%
Which exit route'you'chose?

Door™ 34 %
Door2 4%
Door(3 28%
Doori4 1%
Door® 21%
Otherroute 2%
What was the firstiexit route you thoughttouse?

Door™ 16(%
Door2 20%
Door(3 27%
Door4 7%
Door 241%
Otherroute 0%
| [didnothaveltimeiothinkaboutit 7%
How often(younormallyuse’theexit route you/choselinlexercise?

Daily 23%
Everyweek 2%
Rarely 19%
Neverusedbefore 55%
What /was the mainreason(forichangingthe exit routeyou first thought touse?
Thelexitfoute was blocked [(withismokeletc) 19%
| followed thelguidancefrom(theisafety(organisationmember 0%
Becauselotheripersonnelfoldimeltoluse@anotheriroute 0%
| followedmy(workmates 56 %
Otherireason 25%
What(didyou'do afternoticingthefirelalarm?You/¢can/choose manyalternatives.
Istartedimmediatelyfowalk fowardsthelexit 43%
|[dressed(up(clothes before(starting/tolevacuate 60%
| first wentto/my office((forlexamplesearchingimy(wallet or(clothes) 19%
[shutlofflorllockedimyicomputer 15%
| finishedthepresentworkliwas(doing 0%
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Welgatheredalgroupofiworkmates(andistarted to thinkwhatto[donext.

2%

Didyou(closelthe dooriofthe[room(youllocated(at/alarm?

yes 30%
no 32%
|[domotiremember 17%
|wasnotlinarroom withdoor 21%
Did(youface/any/congestation atithe flooriyou(startedto/evacuate?

no 68%
slightly 28%
yes, butitheldescendingstill'lcontinued 4%
thelcrowdwassodensethatIfelt luincomfortable 0%
thelcrowdwas/dense@andlanxious 0%
Did(youfaceany(rush(atithe(stairs?

no 52%
slightly 39%
yes, butitheldescendingstill'lcontinued 9%
therushwassoldensethatIIfelttuncomfortable 0%
thelrushwas(denselandanxious 0%
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6. Surveillancelcameras/as/alsource/of
evacuation(data

6.1 Background

Evenlthoughthelcarefully[plannedand implemented!fire(drills [@and [€vacuation(eéxercises
may/(providelimportantinformation, [there(are([Somelinherent [problems@s(well. [First, [the
information(of'thelévacuationlexerciselisusuallyprovided inladvance, atleast for[some
people, and[the human[behaviour may notbelsimilar(to[thebehaviourlduringlalteal
evacuationsituation. [Second, [it[is[quite [eéxpensive [to [Organize[the[éxperiments. [Despite
thehew!( technical monitoring[techniques,  thel implementation(is laboriousland[time
consuming. Iflthe eéxperiment (is[performed/in businessspaces, thecosts[for the Business
aslallosslofl salelor lossoflwork[time[may[belconsiderable. Inlshopping[centres, the
propertylowners ay(belafraid oflthe negative [publicity.

On(thelother(hand, tealfires[andfalse alarms(dotake[place every mow and(then, and
usually they(causelthelevacuation/oflthe building. [From/theévacuee’s[viewpoint, these
evacuationsare(real, [dnd[the behaviourdependson(thelestimated risk. Thelcollection(of
datafrom/theselevents(might therefore bean/effectivemeansofiresearch.

Many[public[buildingslare mowadays[equipped/with(surveillancel¢ameras[for[security
purposes.[In[shopping[¢entres, [for[instance, [the ' whole[public[space may[be monitored
bylthelsecuritypersonnel. Thelmodern(surveillancelcameralsystems haveldigital storage
ofl the[video [material, and[the[Video[material from[¢ach cameral¢an[be[viewed and
processed [dfterwards. [Thehitilization[0f'suchlalvideo [material[was(tested[to find[outthe
feasibilityldfisurveillance/cameras/inlresearchpurposes.

6.2 Descriptioniofithe evacuationiscenarioland.videomaterial

Allargelshopping/centrelin/southern Finland (had a[false fire dlarm/in [February2007 [due
tolalfrozen sprinkler head. The [shopping malllconsists[ofltens [0f'smallland Targe[shops
inlfwofloors. [The [fourmain(éntrancesdre connectedtoldmain[plazalinthe middleof
the(building[bylwalkways.[Thelsliding[doors[oflthe éntrances arelequipped (with[latch
doors/onbothisides/that/canbe used/to widen/thedoorway. The door widths/are listed in
Table(14.

Atlthe[momentofl thelalarm, there Were more than[ 1000 customerslin[thelbuilding.
Whenlthefrozen[sprinkler(alarmed, (thelsecurity [personnel decided to [evacuate[parts[of
thebuilding. Thelwhole building Wwas [not(evacuated, (because there wereno [other(signs
oflalreal fire, [@and (because the weather (Outside was(cold [(about[[10 °C).
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Table[14. Widthsof thelentranceldoorsltothelshopping centre.

Door Sliding[doors Latchldoors
DoorlA 2 x[1.61m 2x13.47m
DoorB 1 x1.61m 11x13.47m
Door(C 1 x1.61m 11x13.47m
DoorD 2 x[1.61m 2x13.47m

Thelvideol recordings! from[ four[ surveillancel cameras/ werel[ obtained. Three  0fl the
cameras/were monitoringthe/entrances/doorslandone monitored(alarge[éntrance halllin
frontloflthedoor. Thelquality[ofitheVideo [was telatively good, when[¢ompared [fothe
surveillancel cameras(inl general,[ but! poor[when[compared(to[thel quality ofl hormal
digital video/cameras. Theframe [rate lon'the videolislabout (3 framesper/second [(normal
consumer videos have[25fps(orhigher) Which(meansthat(dperson/walking[dt[speed(of
1.5m/s(travels[0.3 m[during(oneframe. During[theévacuation, the(walkingspeeds(are
typicallyTower(and ‘the [countingof'peopleevenatlow [frame [rate becomes [possible.

6.3 Results

6.3.1)Generallobservations
CameralA
Thiscameralwas/monitoring anleéntrance hall Wwith two [exits. Thelexitsare mot'showslon

theVideo, [but Loneisable[toLobserve[the [behaviour oflthel¢rowd. The main[events
observed lare:

Time

14:05:06 | Thelvideobegins.

14:20:30 | Thefirstlévacuees(arrive[fo [thehall.

14:21:40 | Themain/drowdarrivestothehall.

14:23:30 | Alpartlofithelcrowd[starts/fo move(toanew direction,possibly(to anew
exit.

14:20:00 | Thelrushistarts(to [Settle down.
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Some[generalobservations 0flthevideoldre presented below:

e Many(peoplehavelshopping/trolleys, prams/or(wheelchairs. Theleffect oflthese
peoplelshouldbe takenlintolaccount/in/simulations.

e Therelseems/tobemo pushinglinthecrowd. Peoplekeeplonwalking/calmly.

e Theldecisions of other[peoplelseem(to affect the eévacuees. Peoplefollow their
neighbourslin(thel¢crowdleven[ifitheylare not familiar[With[them. This[¢an[be
observed(onltheéventlat14:23:30.

CameralB

Thisl¢ameralwasmonitoring [ac¢orridorleading(toanlexit.[ Thelexit/canldlsobelseenlon
thefilm. Therelis [anlémergencyléxit mext[to[the hainlexit. Themain/events(are:

Time

14:05:37 | Thelvideobegins.

14:20:18 | Thelfirstpeoplelevacuate throughlthe exit. [ The emergency [exitis Mot ised.

14:21:22 | Somelpeopleltryto uselthelemergencylexit but/soon returnto ‘the ainlexit.

13:22:40 | Morelpeople[go(tothe émergencylexit.[Someloflthemleéxitthroughlitland
some [return(to [thelcrowd.

14:23:52 | Alwoman(with(apramblocksthe émergencyl(exit.

14:25:22 | The[Woman[ with[the[pram[movesallittle[ asidel and[ some[ peoplelexit
through/thelemergency/exit.

14:25:22 | Aldooratchlislopened/andthelexit[becomeswider. Thelstream/ofipeople
starts/tomove faster.

14:25:53 | Thelrushinfrontdfitheexit[settles/down.

CameralC

Camera/Clwas/monitoring(aldorridor[that(is[atirrorimage0fithe [Corridor (onCamera(B.
Thellemergency!l lexit[ was[Jalmost[ icompletely[ Iblocked[ by[JalIdesk [ throughout!the
evacuation. Thelmain/events/are:

Time

14:05:06 | Thelvideobegins.

14:14:20 | Themain/crowdloflévacuees/arrive(to thelexit. Thenearbyemergencylexit
islalmost/dompletelyblocked by desk.
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14:16:05 | Aldoor(latchlislopened(and(thelexit Becomeswider. Thelstream(oflpeople
starts[to thove[faster.

14:17:05 | Another/doorlatchlisiopened(and thelexit/gets/even wider.

14:18:12 | Thelrushinfrontdfitheexit[settles/down.

Aslalgenerallobservation, thelstream[ofl peoplelthrough(thelexit[was[Verylsteadyland
jamming wasnotlobserved.

CameralD

This[¢ameralwas monitoringallarge entrance hall[with[two [exits[¢lose[toeachlother.
Bothloflthe exits[can be seen onlthe Video. Themainlevents(are:

Time

14:05:13 | Theltapebegins.

14:13:50 | Thelévacueesldrrive o the exits.

14:16:55 | Aldoorlatchlis/opened atthe right handlexit, whichaccelerates/the(stream.

14:18:30 | Thelrushlatthelexitssettles down. Mostpeople have [evacuated.

Aslalgenerallobservation, [it[seems thatthe(0pening/[thelatch atthe right hand [side ade
thatléxit/doorthore attractivelto theévacuees than/theexit[dooronthe [left.

6.3.2 Quantitative'analysis/of/a/surveillance/cameralvideo

Thelflow(ofipeople shown by Camera C[was¢ounted mising the Evaccounter(tool.[The
exactlalarm[timelatthe[Videos[was[notknown[(the Videos[do not havelsound). In[the
analysis(below, [the/dlarm/[is[dssumed [at time[14:14:00, when [the first[signs o funusual
behaviourwerelobserved. [A snapshot from(the [Videos is [shown[in Figure20. Peopleare
heading(towards(the[sliding[doorlin(the lupper left hand[side/corner. Theldoor has(two
sliding[panes. On[both(sides oflthe door, there are doors with[latcheslin[the[Vertical
frame. Thelleft[and[tright[side doors[ werel opened[ 128 and[ 185 s  after[thelalarm,
respectively. Inlthe [picture, [theleftisidelatchldoor(is[alreadylopen.
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Figurel20.[Snapshot of the surveillance cameralduring(the shopping|centrelévacuation.
Thebluellinelshowsthevirtualicounting linelused!in thelanalysis.
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Figure(21.[Flowloutlof'doorC.

The mumberlofipeopleévacuated throughithe doorishownlin[Figure 20 Wwas[counted from
theVideo.[Thelresults(dare[shownlin Figure(21.The[people(reentering [the building were
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neglected.[ Thelcounting wasl first[performed[ from thelvirtual door[line.[ Twodifferent
playing/speedswere lised.[Athigherspeed(doorfast) the iumberoflobserved [people was
clearlyllower(thanlat/slower[$peed((door(slow).It[was[Very[difficult(of observelall(the
peoplebecauselthe [people blocked the Visibilityto [the actual[doorline. [ This difficulty(is
demonstrated(as(large difference betweenthe door|fastiand doorislowlresultsin Figure21.
The countingWwas [also[performed!dt/alvirtualline crossing the 'walkway, [as[illustrated by
the Bluelinein[Figure20.(To furtherlincrease the [accuracy, thevirtual line was/divided(in
two [parts,[andthe flows ofl peoplewere counted for[¢ach(part[(/ine/2). As[¢anbelseen
from[ Figure[ 21, almost[ 10 %[ imore[ people[ were[ observed whenl thel counting[ was
performed astwo pieces. Moreover, the numberlofipeople/observed (at/the Virtual line was
clearlyhigher(than/atthe/door, when(highplay/speedwas[used.

Thelflow[tates corresponding(to[thefour ¢counting methodsareshown in[Figure[22.
Some ofltheloscillations areprobably/caused by the mumericalderivation/process.[(When
the highestpeaks|are omitted, wel¢an say!that(the highest flowtate ofl1.6[(m(s) " [is
foundin(thelinitial [phase(oflthe évacuation. After the[0opening oflthe second/latch door,
the flow [fate [goesdown t0[0.6[(m!s) .
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Figure(22.[Flowlpateloutlof!theldoor!C.

Thesel results[ demonstratel that! the[ surveillancel cameras canl be used[ tol get[ detailed
information/onthe/évacuation/in/publicspaces. However, thelorientation(ofithe[cameraslis
crucial (for [the reliability[oflthe[counting. [For [good[results, [@[perpendicular [and [unrestricted
view [ on'thel évacuation/ path[ should[belavailable. Thesel conclusions[ applylonly[tolthe
counting(of'peopleflows. Observation/ofireaction/and premovement/times/wasmotpossible
froml[thelavailable[videos. In[the future, the surveillance[cameras may providela[valuable
sourceloflinformation/on/the realistic behaviourlofpeople/in/firesion/publicplaces.
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7. Discussion
711 Application/ofivideo/cameras'inievacuationitests

Video [cameras/dre(the [primary measurement [techniquein/évacuationtests. [Whether/the
testslareperformed(in(laboratory/énvironment[orlin[the(field, theylare simple(toinstall
and[ise[ and canl provide[ versatilelinformation. Thelentrance[ofl thel consumer[level
digital videocameras[tothe market[ has[madelit[ possible toluselallarge humberlof
relatively/good[qualityand/easy to[use/cameras/foriévacuation/observations.[However,
sincethislis[not/the primaryuseof'theseproducts, ‘thereldare/some issues/that 'shouldbe
considered

— Thelcameras! should[ be[‘as/light[ (and [ small)as[possible tol allow[ flexible
mounting(inthefieldmeasurements.

— Thelconsumer [level damerastay havelautomatic power [saving (features/that [turn
off'the[power when(the[¢ameralis(idle for[al¢ertain/time, and that[¢an not[be
deactivated. [ The wireless remotel controll devices[ can[ bel used! tol keep!the
camerasonbefore the beginning[df'the [tests.

— Theluse ofl highl capacity! storage and[ possible[ F‘low[ speed” [ Imodel allows
recording(times sufficiently[long(tostart/the fecording/évenl[an hour before the
actualltest. However, [the battery [powermay/thenbecome an/issue.

Thelintended [useoflthe video [fecordingsshould[be keptlinmind when[planning[for(the
cameralpositioning. ([Forléxample, if the video [is ised [to monitor d[flow [0 fipeopleofithe
door, theldameralshould mot(be (placed opposite the door, butratheron the side(angle (0f
45 °lormorefrom/the wallmormal) landabovethehead height.

Postprocessinglofithe videos/ismeeded togetiquantitative informationOn/the(things like
premovement times/and [flow [rates/in/the stairs[0r[doors. Human [interpretation(is meeded
when(thelindividuallevents[(person movinglor[goingthrough[the door) are detected.
Duringthis[Wwork, [a[smalllsurveylon/theldautomatic/video [analysis[software [ for (human
detectionWwas[iade but the tesults [ were not[very[good. A few [¢ompanies[were found
that[claim(thattheir[System[dan[detect humans from/the video [images. (However, [some
ofl thel systems [ only[ worked [ on(linel with[ thelinstalled [ surveillance[ cameras. One
company!tested[their[system on/the video[material tecorded [during/thepublic(library
evacuation,but(theresults (were not[promising. Accordingfotheir/own[announcement,
theteliable[dounting o flpeoplepassing thelvirtuallines(inthe(videolimage, the[camera
should (be[placedalmost(directlyabove theldreabeingmonitored. [In[the(field tests, this
israrely/possible.
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7.2 Applicationlof RFID(in/evacuation tests

Thelthreetests[where[RFID [techniques wereldpplied[showed promising [tesults. Despite
thesmalllamount [0fltestees[and [the lincertaintylin [the[dctual mumber ofltags, (it[is[quite
evident thatthe [percentage oflidentified [tags will(be better(than50%[ifproper(alignment
and [ measurement[ powerl[ ofl reader antennas(is found/by[thoroughléxperiments. This
holds/truelévenlin/crowded staircases.

Usually(thel[best[placetolassemble an’antennalis[thel¢eiling. Thelantennasshouldbe
installed(in(d(steep/anglefacing/almost/downwards/and *fuphill”[fowards [thewalking or
descending(persons. Theltagsshould be placedhorizontally [ashigh/as/possible far away
from'thebodylofltest persons. [Tags/designed(to beused [On[metallicsurfaces/should(be
testedlor special tags(designed for[personlidentification'should/beplotted.

Thelvelocitylofltestpersonslis/solsmall(that the teaders should [belable toread allthe
desired/tags. Wsually [the teading time0flonetaglisless/than[0.01[Seconds. [Probably [the
most[difficult/thing[fo l0vercomelisthe differencelinthe sizelofpeople. Taller [personlin
front(oflalshorter(onelis/Screening ‘most[oflthe electromagnetic(field. [Therefore, theluse
oflmore[thanloneantennalonlonemeasurement Spot/could helplinthis[problem. ' When
RFID(techniquelin[ personlidentification[is becoming more common! the[ pricesl of
antennas/willl[dome/down, sincethey/areverylsimplelin/construction.

Anlintegrated feader/antenna’design will (helplin[places Wherethe [foom[ceiling [is Thigh.
Long/cablebetweenthereaderandlapassivelantennalwill@alwaysdeteriorate(the reading
distance. Reflections (from(different (structures, [steady(or(moving, areldlways/ad[problem,
butldanbelovercome Wwithsweeping/the power/andangle0fithe reader beam.

Finally, these kinds/0fldemonstrations/experiments(do Mot [tellmuch/about the reliability
oflthetechniquelitself, butthelapplicability (o flit[for[the given purpose.

7.3 Coloperationbetweenthe researchersandiother
organizations

Iflthe evacuation!tests arel performed[inlthellaboratory, theltesearchershavelal full
controlllon[thel test[lexecution, type[Jofl JinformationlJgiven[to [lthe Jevacuees/ land
instrumentation. [However,[iflthe [tests[are[performed [in[thefield, the [fests[are usually
performed(JinlIcooperation[ ‘with[the[locallIsafety lorganizations[ landpossibly[the
authorities. [In[the three[tests ofl thisstudy, thetests were[partofl thelsafety[training
programs/ofithe0rganizations.
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Thelgoals/ofithelexercises defined(at/the different (organizations/may(beldifferent. Forla
successfull implementation of! thel tests, [it[ is[ extremely[ important| to[ agreel on[ the
common! goals[that[alllthe[parties arel willing[ to achieve. After that,[it[is[ easier[to
motivatelandmake(the[locallorganizers/understand the need[forlextralwork [required.
Scientificl imeasurements( Jalways[ havelJal thigher[Istandard for[ Jdocumentation[Jand
preciseness/than/thelévacuation/training.

For(thelsuccessful test/execution,[it[is/extremely important that(the person leading the
testlor[fire/drillunderstands(theneedsloflthe(scientific[éxperiment. This[personshould
belwelllinformed(onlthe “manuscript”0flthe testand [thevarious measurements/and [their
needs. [Iflpossible, itheresearchlorganization/should [take thelead [0 flthe [test.
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8. Conclusions

Thelexperimental/techniques(tolobserve the[human/behaviour[during/évacuation(tests
were[studiedlin(thel¢vacuationlof public(libraryland twoloffice[buildings. Theluselof
surveillancel Jcameras[ 'was[ studied [ Jusing/ /the[ Jvideo [ material[ recordedJduring[Jan
evacuation(ofllargeshopping (centre.

Videocameraslare(the primary(techniqueloflexperimental observations/in[évacuations.
Thel postprocessing of! thel video[ material is[still madel by human[interpretation,
although'thelabour canlbel minimized byl theluise ofl simplel softwareltools(likelthe
Evaccounter(developed/in/this/project. The commerciallfechniquesforlautomatic human
detectionland counting were studied but Wwithout(a'success.

Promising tesults(werelachieved for(theuse[0f RFID[as[a[means(to thakelobservations
on/the[ humanl movement(in[thelevacuation.[ By[thel careful placement ofl both[the
antennas/andthe(tags/tobeldetected, alsufficient reliabilityfor(scientific[measurements
can'belachieved.[However, thetesults(are very(sensitive [on the tag/placement over or
under![ thel clothes, [ close[ to metal objects or[ behind[ parts ofl humanbodies. The
preparation’ and[ postprocessing[ ofl the tagl informationlis[stilll relatively[laborious
because human/interpretation/0flthe results(is needed (in theanalysis.

Theltesults[oflthe evacuationeasurements providelinformation on!theflow rates of
peoplelin[theldoors[and[stairways, [ effects ofl crowd densitylonlthel stairl flow and
distributions[ofl premovement[times. All these results(¢an[be iised bothldirectlylas[a
basisloflalbuilding/design(or(as dleans/todevelopland validatethe [predictive (capability
of’thelévacuation/simulation/tools(like[FDS+Evac.
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